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Purification of recombinant human ATM. (A) Affinity purification and dialysis of FLAG-tagged ATM. The SDS-PAGE Coomassie-stained gel shows: MW standard (lane 1), cell lysate supernatant (1:30 dilution) (lane 2), protein bound to the anti-FLAG IgG resin with the IgG heavy (hc) and light (lc) chains present (lane 3), 3XFLAG peptide eluted protein (lane 4), concentrated protein after overnight dialysis in strongly reducing conditions, 2 mM TCEP (lane 5), dialysed concentrated protein after removing larger aggregates by centrifugation before purification by the size-exclusion chromatography (SEC) (lane 6). Squared bracket indicates various ATM species detected by massspectrometry (MS) after the affinity purification and dialysis. Human chaperone Hsp70 and human actin were detected by MS as contaminants preceding the purification by SEC. (B) Size-exclusion chromatography of ATM on a TSKGel G4000SWXL column. The inset shows an SDS-PAGE Coomassie-stained gel of the peak fraction with a retention volume of 8.6 mL (collected as fraction 1). (C) Analysis of the molecular mass of the purified ATM by SEC using a Superose 6 10/300 column coupled to MALS (Multi-angle light scattering) detectors. The analysis indicates that the average molecular mass of the material corresponds to 700 kDa across the main peak of the chromatogram (red line). The Figure S1 fig. S1. expected molecular mass of the ATM dimer is 705 kDa. This suggests that ATM is a monodisperse dimer.
. S2. Recombinant human ATM is catalytically active. Phosphorylation of a full-length p53 substrate as a function of enzyme concentration was visualized by 33 P autoradiography. The ATM-specific inhibitor KU55933 (51) greatly reduces the enzymatic activity. (A) The reaction was performed in 50 mM HEPES pH 7.5, 150 mM NaCl, 10% glycerol and 2 mM TCEP buffer. (B) The reaction was performed in the conditions used for cryo-EM grid preparation (25 mM HEPES pH 7.5, 25 mM Tris pH 8.8, 150 mM NaCl, 0.01% Tween 20 and 2 mM TCEP buffer). (C) ESI-MS/MS analysis indicates that p53 is phosphorylated on S15. ig. S4. Reference models and 3D classes of human ATM. (A) The reference model generated by EMAN2 used for the initial 3D-classification (left). The resulting 3D classes with no symmetry imposed (C1) are illustrated (right). The class with the highest similarity to the experimental 2D projections was used as the reference model for further 3D classification and is colored in yellow. (B) The second cycle of 3D classification using the reference model obtained in (A). The three best classes (colored green, magenta and blue) were combined and refined to 7.5 Å using a mask around about 3/4 of the reference volume (illustrated with a purple curve). The hand of the ATM cryo-EM map was fig (45k particles). The remaining 3D class with 19k particles (E) was excluded from the data analysis. The closed dimer (A) was the best class with C2 symmetry. This was refined to 4.4 Å with a mask encompassing the Pincer-FATKIN region and C2 symmetry imposed . The same 3D-class was refined with a mask around the entire volume of a closed dimer at either 4.7 Å (C2 symmetry imposed, EMD-3668) or 5.7 Å (no symmetry, C1, EMD-3669). The independent movement of the Spiral domains (shown with red arrows) of the closed dimer was revealed by focused 3D classification after subtracting signal for the Pincer-FATKIN region. The best class of the Spirals (grey rectangle) was refined to 7.9 Å. For the closed multi-conformer dimer (B), the density for a disordered arm (highlighted with a red dashed curve) became more pronounced after focused 3Dclassification. The 3D-class of the open dimer (C) was refined to 11.5 Å (EMD-3671 . The angles are with respect to the reference volume assigned by RELION(43) . The heights and colors of spikes emerging from spheres (visualized with UCSF Chimera(53)) both relate to the fraction of particles with a given orientation. Blue spikes represent orientations not commonly observed, and red spikes are the most common. The spikes are colored continuously from blue to red denoting -5σ to +5σ. . FSC between the ATM models and EM density maps. (A) FSC curves for the closed models versus the unsharpened sum of the two half maps. For our highest resolution map (4.4 Å closed Pincer-FATKIN, from 3D class A), we have refined the model with restraints against the half1 map. The FSC curves are shown for both half maps. FSC curves for the half1 map and the half2 map (not used for refinement) are nearly identical, suggesting no over-fitting in this resolution range. (B) FSC curves for the open models (derived from 3D classes C and D) versus the corresponding unsharpened sum of the two half maps. Quality of the density for the highest resolution human ATM map. In the 4.4 Å resolution map of the closed dimer (derived from 3D class A), helices typically appear as spirals instead of smooth tubes, but the resolution is not, in general, high enough to discern side chains.
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Cα5 Cpα4 C α8 kα9d f TRD3 have some shifts, but the HRD is essentially identical. (C) In the kinase domain, the N-lobe is very similar to the N-lobe of the mTOR FATKIN, apart from the FRB missing in ATM. Although there is no evidence that ATM binds to LST8, the overall conformation of the Lst8-binding element (LBE) is similar to mTOR. The PRD in ATM is more ordered than in mTOR. 1 9 1 0 1 9 2 0 1 9 3 0 1 9 4 0 ATM_HUMAN/1903-3056 
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2 9 4 0 2 9 5 0 2 9 6 0 2 9 7 0 2 9 8 0 2 9 9 0 Supplementary Figure S11, p. 3 ig. S11. Multiple sequence alignment of the FATKIN regions of human ATM and its representative orthologs, along with that of human mTOR. The representative orthologs span the crown group eukaryotes, i.e. animals, fungi and plants. The initial alignment was constructed using MSAProbs(54), which was further refined using HMMER searches(55), DSSP secondary structure assignment(56) and JPRED secondary structure prediction (57) to arrive at the final alignment. The pictorial representation of the alignment was made using ESPript 3.0 server(58). The color-coded regions indicate conserved positions and it is clear that the FATKIN regions are conserved across ATM orthologs as well as in human MTOR.
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2 7 9 0 2 8 0 0 2 8 1 0 2 8 2 0 2 8 3 0 2 8 4 0 2 8 5 0 Supplementary Figure 13 f Density bridging the two turns of the Spiral. The highest resolution reconstructions of the closed dimer (from 3D class A) and the open protomer (from 3D classes C and D) both suggest density inside the Spiral that appears to consist of several helices bridging two adjacent turns of the corkscrew-shaped Spiral domain. (A) Subclassification was carried out on the particles used to generate the 4.8 Å resolution open protomer. (B) Density from a 12.8k particle sub-class suggests that these helices are part of a larger extension from the N-pillar, however, the connections with the N-pillar are ambiguous. (C) Views of the density in the context of the Spiral (colored blue to green from the N-to the C-terminus). Open and closed conformations of ATM. The movie is a morph between the open and closed conformations of ATM (created in PyMOL). A peptide substrate (yellow spheres connected by sticks) has been modeled into the open conformation based on the structure of CDK2 bound to a peptide (PDB ID 3QHW). In the closed conformation, the PRD (green) blocks the peptide-binding site. In the open conformation, the PRD moves to enable the peptide bind. movie S1. 
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